Introduction
The demand of automotive fuel is an important topic in energy policy since the demand sensibility to income and price changes can give great insights for policy makers relating, for instance, to climate change, optimal taxation and national security. The study of the automotive fuels demand in Brazil is especially relevant since in the last decades its automotive fuel market has witnessed relevant changes in the consumption structure, which used to be dominated by traditional fuels, like gasoline and diesel. In this changing context two periods can be identified. First, from 1970 to 1990, in a context of two oil crises, the consumption grew 4.5% per year, and ethanol combustible has emerged, in 1973, as a part of a government program to reduce the oil dependency. Compressed natural gas (CNG) has also been brought on as another innovation, in the end of the 1980´s, although its consumption has only begun to grow at the middle 1990´s due to the government policy of fixing a substantial price differential in favor of CNG. So far, the Brazilian automobile industry fell short to produce CNG vehicles 1 ; CNG consumers still have to install a kit which allows them to convert the vehicle between CNG as well as the original engine fuel. Most of CNG consumption in Brazil is related to light-duty trucks -such as taxi cabs, especially in the states of Rio de Janeiro and Sao Paulo, where the CNG stations network is relevant. In the second period, from 1991 to 2005, overall combustible consumption has grown at a faster rate, of 2.8% per year. Another innovation was brought in, the flex fuel vehicles which are specially designed to run on gasoline and ethanol. In 2003, the production of flex fuel cars accounted for only 2.6% of the total auto production; three years later, this number was 75%. The essential point to grasp here is that the introduction of flex fuel (gasoline-ethanol) vehicles and the raise of CNG have enlarged the options available to consumers to choose their automotive fuel, therefore altering, in some extent, the demand for captive fuels as gasoline. In this context, and given the assumption that dem and elasticity is a useful tool to summarize the consumers behavior, this work tries to shed light on the performance of the Brazilian demand for automotive fuels. While the price and income elasticities of automotive fuels demand (specially gasoline) around the world have been extensively studied; see Basso and Oum (2006) for recent exercises, Goodwin, Dargay and Hanly (2004) for a recent survey and Dahl and Sterner (1991) for thorough review. However, there are very few published papers on the estimation of demand elasticities for the Brazilian automotive fuels market. Alves and Bueno (2003) constitute a single work on this regard. Through a co-integration method they estimated the cross-price elasticity between gasoline and alcohol, and find alcohol as an imperfect substitute for gasoline even in the long-run. Even though relevant, this work has focused on the gasoline market therefore not shedding light on the demand for other automotive fuels in Brazil, as diesel, ethanol and CNG. In this turn, this work goes one step further as it estimates the matrix of price and income elasticities -in relation to gasoline, ethanol, CNG and diesel. Two related estimation approaches are employed. First it uses the traditional linear approximation of the Almost Ideal Demand System (AIDS), originally developed by Deaton and Muellbauer(1980) . This is a structural and static model which fulfills the desired theoretical properties of demand (homogeneity and symmetry restrictions) while also being parsimonious in terms of number of parameters to be estimated. In order to also analyze the dynamic aspect of the long run demand, this work adopts a second approach of AIDS model using cointegration techniques based on Johansen (1988) procedures. The use of this second approach is especially relevant since the variables can be non-stationary, which could change the estimates of elasticities. The chapter is organized as follows; section two describes the evolution of automotive fuels consumption profile in Brazil since the 1970's. Section three presents the data used. The following section describes the linear approximation of the static AIDS model and presents the first results. The fifth section develops the dynamic analysis using cointegration techniques and displays the results. The sixth, and last section, presents in a nutshell the main conclusions. Table 1 presents the yearly consumption evolution in tones oil equivalent (toe) in the automotive vehicles fuel matrix since 1979. Two analytical periods must be highlighted. In the first one, between 1979-1990, the total fuel consumption presented a 2.2% growth per year, while the GNP grown at a yearly medium rate of 2.05%. In the period between 1979 and 1990, when one considers the individual performance of each series, the ethanol is highlighted as the fuel with the highest yearly growth rate, of 71.3% per year. Indeed, the consumption level rose from eight thousand tonnes of oil equivalent, in 1979, to 5.205 thousand in 1990, causing an expressive accumulated growth. This significant expansion rhythm reflects the "Programa Nacional do Álcool" (National Ethanol Program), launched in 1973, whose the second phase was named "Proálcool", started in December 1978, when the government decided to stimulate the production of ethanol vehicles. In the first analytical period, it is also remarkable the reduction in the gasoline consumption, with an accumulated fall of 28.5% between 1979 and 1990. Regarding diesel fuel, it is worth emphasizing its almost constant expansion rate; while in the first period, between 1979 and 1990, the growth was of 3.2% per year, in the period after 1991 the growth rate was of yearly 3.0%. Considering the same analytical periods, but focusing on the consumption share of each fuel and not on their individual series performance, it is possible to identify aspects that are as relevant. Diesel performs as the main automotive fuel used in two periods. Between 1979 and 1990 its average share was of 53.7%; in the following period, from 1991 to 2005, the average share was of 53.4%. The diesel share in the vehicle fuel matrix has thus kept almost constant in the last three decades. Some possible explanations for this picture is the high dependency of the road transport modal, and the fact that 100% of the production and sales of buses and trucks -which are the most used in long distance transport, use diesel engines. It is worth noting that ever since 1979 there have not been effective replacements of diesel in the consumption structure, in spite of the relevant imports pressures of the fuel to Brazil. As expected, gasoline evolves as the second fuel with the highest relative share in the vehicle fuel matrix in the two periods; with average share of 31% in the first period and 29.4%, in the second. It is important to mention, however, that in spite of the fact that this average share has kept steady in the periods considered, there were distinct movements in the demand behavior of gasoline in the two periods. In the analysis of the performance of all these fuel consumptions a relevant aspect to be highlighted is the demand sensibility to price and income variations, which is captured by the price-and income elasticities, respectively. Detecting a high or reduced sensibility of demand to price and income parameters can give interesting insights to the policy planning about what is the goal of the vehicle fuel matrix in Brazil.
The evolution of automotive fuel matrix in Brazil

The data
Time-series data for the consumption of automotive fuels in Brazil are not in abundant supply. The Brazillian Ministry of Mines and Energy (MME) has historically collected annual data for prices and consumption of automotive fuels since 1970 (see MME (2006)).
More recently, (June, 2001) , the National Petroleum Agency (ANP) has also taken this role and started to collect monthly data on price and consumption of fuels 2 . This work has used the annual data collected by MME, since it is better suited to identify the long term consumption profile. A companion paper uses the monthly data for a shorter period of time to implement a similar exercise to also analyze the elasticity, and is available upon request to the authors. Table 2 shows the main descriptive statistics of the main series used in this analysis, namely, the natural log of the prices and the consumption-share of diesel, gasoline, CNG and ethanol drawn from "Balanço Energético Anual" (MME, 2006) . Source: own elaboration based on data from MME (2005) . 1 prices are in 2005 US$/boe (US$ per barrel of equivalent oil); 2 Expenditure share of each fuel means the expenditure (price x quantity) with this fuel in terms of total expenditure with the four fuels. 
The static approach: measuring elasticities through a Linear Approximation of an Almost Ideal Demand System (LA-AIDS)
The elasticities of energy consumption in automotive segment in Brazil, in the 1970-2005 period, are initially estimated through a linear approximation of the Almost Ideal Demand System (hereby called LA-AIDS).
The traditional LA-AIDS model, developed by Deaton and Muellbauer(1980) , departs from a specific cost function and gives the share equations in a n-good system as: 
Homogeneity:
The conditions (2) and (3) are linear restrictions which may be tested by standard techniques, whereas condition (4) is imposed by the model and so is not testable. Once these restrictions are observed, system (1) characterizes a demand function system of which the sum equals total expenditure, is homogeneous of 0 degree in prices and expenditure, and satisfies the Slutsky symmetry propriety. Relative price variations affect demand through the parameters ij γ -a percentual variation of the j th good affects the expenditure share of i th good, holding real expenditure XP constant -and variations on real expenditure affect demand through parameters i β .
Based on these especifications, a LA-AIDS model of the Brazilian automotive fuel demand of four categories of fuel (gas, ethanol, CNG and diesel) 
Since the expenditure shares, i w , add up to 1, the variance-covariance matrix is singular, and so the estimation requires omitting one of the share equations; after the estimation of the remaining share equations, the parameters of the omitted equation are obtained via the adding up restrictions. The technique in LA-AIDS model estimation is Zellner's Generalised Least Square method for seemingly unrelated regression (SUR).
Parameter estimates
Coef.
Std. Err. Before trying to explore these surprising outcomes, it is necessary to check if they satisfy the economic properties defined in restrictions (2) and (3). The Wald test presents a test statistic of 2 (6) χ = 13.71, above the critical value at the 5 per cent level of significance, 12.59), therefore indicating a strongly rejection of symmetry and homogeneity restrictions. Furthermore, the residual analysis of the model showed being non White Noise with serial correlation (see Table 6 ). 
The dynamic approach: estimating a cointegrated LA-AIDS model
The economic inconsistency of the results presented above clearly underscores the necessity to consider in more depth the dynamic aspect of consumer choice. The point is that the rejection of homogeneity and symmetry restrictions is probably a consequence of dynamic mis-especification of the model The. In order to overcome this aspect and to better explain the consumer behavior in the long run, this work employs now a dynamic approach with non-stationarity and cointegration of the time-series. This second approach here applied follows the idea that there may exist a long run equilibrium cointegrating demand system which can be identified and estimated for it would provide a basis to test the effects of price and income on the demand for automotive fuels. The short run adjustments towards the long run equilibrium are also considered. The process of correction may not be completed in one period -probably because of consumer habits, imperfect information and adjustment costs -and so the short run responses to price and income changes guide to the long run effects towards the equilibrium. In this turn, the restrictions of symmetry and homogeneity may not be accepted in the short run, but can be satisfied in the long run, that is why it is important to consider the long run equilibrium. This work then incorporates this dynamic aspect of consumer choice following the cointegration theory for it is possible to meet the requirements of identification/estimation of: long run preference parameters; separation of short run from long run effects; and LA-AIDS system. In order to describe the dynamic model of LA-AIDs, the system in (5) can be rewritten as a vector error correction model (VECM) as follows: www w P P P P X P -in other words, a 8 x 1 column vector of budget shares ( 9 less one variables, which is arbitrarily deleted in order to overcome the singularity of the system), prices and real expendituret D is a vector of deterministic variables (intercept, trends…); μ is the matrix of parameters associated with t D , i Γ are 8 x 8 matrices of short run parameters (i=1,….,q-1), where q is the number of lags; Π is a 8 x 8 matrix of long run LA-AIDS parameters; and t e is the vector of disturbances following identical and independent normal distributions with zero mean and ' () . β − represents the r long run steady-state equilibriums. Matrix α is called the loading matrix, and their parameters represent the speed of adjustment to disequilibrium after a shock in the long run relationships. The matrices α and β are not unique, and thus there are many possible α and β matrices containing the cointegrating relations (or linear transformations of them). In those cases, cointegrating relations with economic content cannot be extracted purely form observed time series (Krätzig and Lütkepohl 2004) .Therefore, the economic interpretation of the cointegrating vectors as structural long run relationships requires the imposition of at least r 2 restrictions ( r of which www.intechopen.com are related to normalization conditions) on cointegrating space. In this work, in order for the cointegrating vectors to correspond to consumer demands based on a LA-AIDS model, symmetry and homogeneity restrictions were imposed. It is worth emphasizing how the error correction model (9) depicts the consumption behavior. When consumers reach their long run optimizing allocation of expenditure across products they define a baseline plan. This baseline expenditure pattern can be modified for two reasons. First, through new information (on prices and real income) available since previous period, and whose impact in the baseline budget-shares is captured through the terms (1,..., 1) j sq Γ= − , the short term parameters and second, through the natural changes of budget shares in the current period, even without new information of last period. This is captured by the term ( 
Parameter estimates
Before the estimation of VECM model it is common practice to test for stationarity and orders of integrations in time series data. This is done here through the Augmented Dickey Fuller test (see Table 7 ). Results indicate that it is not possible to reject the hypothesis that all variables are I(1) using 1% and 5% levels of significance Once identified the non stationarity of the variables, a VECM is specified with eight variables ( DIE w is excluded to avoid singular matrix). This model becomes operational once defined the lag order (q), the deterministic component to be considered, and the cointegration rank(r). Due to the almost heavily parameterized nature of the system and the modest sample size (t=33), the decision was taken to obtain the most parsimonious system as possible.The estimation was then carried out with just one lag (q=1) 4 . Relating to the cointegration rank, it is normally assumed that among (2n+1) variables (n budget shares, n prices and real expenditure) there are n-1 cointegrating vectors. In this work, with 9 variables, it is thus expected to have 3 cointegrating equations. As mentioned previously, the economic interpretation of the cointegrating vectors as structural long run relationships requires the imposition of at least r 2 restrictions. In this work, it should be at least 9 restrictions. Therefore, besides the three normalization restrictions, it was also imposed three homogeneity and three symmetry constraints in order to be consistent with economic theory. Table 9 reports the estimated α and β matrices with the standard errors of the parameters 6 . The diagnosis statistics of the results are clearly satisfactory. The jointly hypothesis testing of the symmetry and homogeneity restrictions points out their empirical support; the likelihood ratio statistic of over-identifying constraints was 10.18, which is under the critical value of at the 5 per cent level of significance ( 2 (6) χ =12.59). Overall, considering both the residual analysis and the hypothesis test of symmetry and homogeneity restrictions, it seems reasonable to indicate that dynamic model is more appropriate than the static model to describe the expenditure allocation process of Brazilian demand of automotive fuels Tables 10 and 11 finally present the elasticities calculated. Before discussing the elasticities estimated, it must be emphasized that they are functions of price and expenditure shares and therefore vary over the data set. Following Balcombe and Davis(1996) , the elasticities are here calculated at the last point in the data set, and not at the mean values, due to the fact that elasticities are themselves non-stationary random variables, given the nonstationarity of the data used (see Table 7 ). Table 9 . Estimated β * and α matrices under long run structural identification
GAS
As already shown the model has been approved by statistical tests, but if this is to be presented as a reasonable picture of Brazilian automotive fuels consumption, the implied behavioral measures must be in conformity to the theory of demand. From this point of view the results are also satisfactory.As required the own-price elasticities has negative signs. Ethanol and gasoline are, by far, the most sensitive fuels with quite elastic reactions to their own price changes. Focusing on the cross price elasticities, the positive signs for ( 12 21 , ε ε ) and ( 13 31 , ε ε ) indicates a substitution relation between gasoline and ethanol, and between gasoline and CNG. This can, a priori, indicates that the flex fuel technology (gasoline and ethanol) and the CNG conversion technology have preserved the substitutability among the fuels. These results are then consistent with microeconomic predicitions sincethese technologies tend to reinforce the substitution relation between the referred fuels as it allows the individual consumer to consider two fuels options in the same utility function, in which he will choose the cheaper option, holding fixed the energetic equivalence ratio of substitution between them. Also relevant are the estimated sizes of 11 21 31 ,, ε εε and 41 ε being -3.84, 8.09, 0.54 and 0.27; these numbers show that when gasoline price increases by 1 per cent, for example, consumers reduce the gasoline consumption by 3.84%, while compensating for the ethanol (8.09%) CNG (0.54%) and diesel (0.27%). This can so be regarded as evidence of a high substitutability, first, between gasoline and ethanol and, second, between gasoline and CNG. Concerning the superiority of the substitutability level of gasoline/ ethanol in relation to the level of gasoline/CNG, what can be argued is that the choice between the gasoline and ethanol seems to be more attractive for the consumers, since they don't have to pay any extra cost besides the cost related of the vehicle acquisition. In this regard, this trend will be certainly reinforced as long as the production of original flex fuel vehicles increases. On the other hand, the choice between CNG and gasoline is more restricted since the consumer has to face two distinct costs, the cost of buying a vehicle and the cost of installing the conversion kit of CNG. With respect to the depicted substitutability between gasoline and diesel, some comments have to be made. The result seems reasonable only because the model uses aggregated data. On the other hand, from a microeconomic perspective this result does not make sense, since these fuels do not represent real substitution options. First, because of the absence of a technology, which could allow this substitution and second, because diesel and gasoline are used by different profiles of automobiles; those devoted to long distance freight transport or land carriage typically use diesel, since it is cheaper than gasoline. In this sense, it is worth stressing that the model neglects the control for the fact that choice possibilities are different among different kinds of automobiles. This lack of control can also justify other inconsistent result here produced, the negative cross price elasticities of ( 23 32 24 42 ,,, ε εεε), which could evidence a surprisingly complementarity between ethanol and diesel, and between ethanol and natural gasoline. As regards the expenditure elasticities, Table 11 shows that gasoline, ethanol and diesel are normal goods, and with the exception of ethanol, they are expenditure elastic. An interesting result concerns the CNG. Its elasticity is negative and is thus estimated to be an inferior good. This result is possibly related to the motivation and income profile of current CNG consumers. The Brazilian production of new cars originally designed to run on CNG is almost irrelevant. The great majority of CNG consumers install the conversion kit expecting substantial fuel expenditure savings, in particular for those that drive long distance on a regular basis, as light duty passenger vehicles (essentially taxi drivers. In this sense, the CNG consumption profile in Brazil is not devoted to the large scale public transport system, as in Bangladesh, Pakistain or India. It is then important to note that the investment on conversion kit to CNG act as a fixed cost that only consumers who really want to save expenditure are inclined to pay. Hence, CNG consumers are definitely motivated by the cost saving purposes, especially due to the government policy of fixing relative prices favoring the fuel as a way to promote the expansion of natural gas consumption in the country 7 . The Brazilian demand of CNG is then still related to small scale transport, for which income is a great restriction. What seems clear is that the choice of CNG fuel is thus driven mainly by the price aspect and less by the non pecuniary factors, as its energetic efficiency. Hence, it is reasonable to outline that as income increases the saving purposes tend to be less relevant and even if there are more consumers who are able to pay the fixed cost of the conversion kit, there would also be an increasing number of consumers -at least among those not interested in commercial purposes as taxi drivers are -who could begin to consider the low efficiency of the fuel 8 as reasonable criteria of choice, and so CNG could be less preferred. This result is reinforced by the signals estimated of real expenditure ( ln( / ) XP ) parameters of -12 , β β and 3 β in model (13). Once the symmetry and homogeneity restrictions are valid, as it is the case, demand theory predicts that positive ' s β means "luxury good", and a negative sign means "necessary good" (Deaton and Muellbauer 1980) (Deaton and Muellbauer 1980) . The real expenditure parameter of CNG share equation ( 3 β ) is negative, while 1 β and 2 β have positive signs (see Table 9 ). CNG is so estimated as a "necessary good", and gasoline and ethanol are considered "luxury goods", in the sense that as the consumer gets more income he demands proportionally more gasoline and ethanol, and less CNG. Overall, even though the estimations from cointegrated LA-AIDS are statistically (and economically) better interpreted than those from the static model, it is necessary to put forward that they still have to be cautiously evaluated. First, due to the limited span of observations over time, resulting in only 33 points in time for each variable 9 . For instance, the absence of longer data series makes difficult a bootstrapping analysis to estimate standard errors of the elasticities. Second, because the model uses aggregated data and not micro level records for households; and even with aggregated data it does not consider vehicle characteristics factors -as fleet composition by fuel, which could be a significant parameter in explaining the expenditure allocation process.
Conclusions
This work aimed at estimating the price and income elasticities of automotive fuels demand in Brazil. The analysis of the expenditure allocation process among the gasoline, ethanol CNG and diesel was carried out through the estimation of a linear approximation of an AIDS model. This model is very convenient due to its ability to fulfill much of the desired theoretical properties of demand, being at the same time parsimonious regarding the number of parameters. Furthermore, the equations to be estimated derived from LA-AIDS are linear in parameter which allows the use of econometric methods widely available in terms of testing and estimating procedures. Two estimation methods were tried: a static and a dynamic (cointegrated). Specification tests seem to support the use of the dynamic model. Based on the favorable diagnostic on the second set of estimations it is important to point out some of their relevant results. First, it is worth to remark the high substitutability between gasoline and ethanol, and also the fact that this substitution relation is larger than the one observed between gasoline and CNG. Some comments concerning this result are thus in order. This finding seems to confirm the rationale that flexible technologies tend to reinforce the substitution relation between the fuels. This is particularly true for the gasoline and ethanol because the consumers don't have to pay an extra cost besides those related with the vehicle buying to access the possibility of choosing between the refereed fuels. On the other hand, the option between CNG and gasoline is more restricted since the consumers have to pay not only for a vehicle but also to install the conversion kit of CNG. There is then a transaction cost which is not irrelevant. This difference in favor of the substitubility between gasoline and ethanol seem to increase as the production of original flex fuel vehicles increase. Second, the estimations here produced suggest that gasoline, ethanol and diesel are normal goods, and except for ethanol, they are expenditure elastic. An interesting result concerns the CNG which is estimated as an inferior good. A possible explanation for this outcome could be the motivation and income profile of current CNG consumers. These consumers are mainly interested in saving purposes, since CNG is favored by a specific government policy of price differential with liquid fuels. For this reason, the choice of CNG fuel is driven mainly by the price aspect and less by the non pecuniary factors, as its low energetic efficiency. As income increases, the saving purposes tend to be less relevant and even though there are more consumers who are able to pay the cost to install the CNG kit, there would also be an increasing number of consumers who would consider the low efficiency performance of the fuel as a reasonable choice criteria, and so CNG could be less preferred.
Overall this work tried to improve the understanding of the consumer's behavior and their possibilities and criteria to choose automotive fuel in Brazil. Two important policy implications can be derived from this analysis. First, there are implications on tax revenues from gasoline sales. Based on the result of a high substitutability between ethanol and gasoline and considering that the production of flex fuel vehicles has been augmenting in an expressive rate since its launching in 2003, the future gasoline consumption is likely to be more dependent on ethanol prices. For this reason, the tax revenue from gasoline can be affected by the supply of ethanol which as an agricultural commodity has intrinsic seasonalities and can be subject to potential supply disruptions. Considering that the share of tax on final price of gasoline is quite relevant in most state governments in Brazil, governments may have to redesign their fiscal policy regarding this fuel in order to smooth its tax revenue. Second, there are implications on the government strategy to promote the use of natural gas. Considering that the pace of GNC expansion has presented an impressive level (see Table 1 ) and assuming the fact here assessed that the fuel is an inferior good, the government may have to readequate its fuel pricing policy in order to direct the consumption of natural gas to other worthier uses than for small scale transportation. A possible extension to this work is to examine some specific states from Brazil, for which is possible to use monthly data (at least from 2001 ownwards), to explicitly consider the taxes charged on the fuels (which assume different levels among the states), and to include further controls through aggregated data on stock of vehicles by fuel (which is available only at the states level). Through this measures it will be possible improve the estimation of the parameters of interest.
